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Abstract
Aim: To determine the effect of maternal cigarette smok-
ing on cord blood concentrations of E3, hPL, b-hCG,
FSH, LH, and cortisol.
Methods: Hormone concentrations were measured in
term neonates of 100 smoking and 100 non-smoking
mothers.
Results: The median E3, hPL, b-hCG, FSH, LH and
cortisol cord blood concentrations in the non-smoking
mothers’ offspring were 212 ng/mL, 2.00 mg/mL,
57.5 mIU/mL, 0.10 mIU/mL, 0.20 mIU/mL, and 14.3
mg/mL, respectively; in the smoking they were 163, 1.39,
45.4, 0.10, 0.20, and 25.1, respectively (Ps0.008, 0.004,
0.037, 0.498, 0.286, 0.004, respectively). There was a
significant but poor negative correlation between number
of cigarettes/day and E3 (rs–0.163, Ps0.021), hPL
(rs–0.191, Ps0.007), and b-hCG (rs–0.143, Ps0.044),
whereas the correlation with cortisol was positive
(rs0.259, P-0.0001). Multiple linear regression analyses
showed that maternal smoking is a determinant of cord
blood E3, hPL, b-hCG, FSH, and cortisol concentrations.
Conclusions: Tobacco smoking is associated with a
reduction in cord blood E3, hPL, and b-hCG concentra-
tions, whereas it is associated with increased cortisol
concentrations. The disturbed endocrine equilibrium of
the fetus induced by tobacco smoking could have
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adverse consequences on the fetus and child since fetal
brain is a target organ for hormonal actions.
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placental lactogen; steroid hormones.
Introduction
Maternal smoking is an important factor for feto-infant
morbidity and mortality w30x. Disruption of the endocrine
equilibrium of the fetus is an adverse effect of prenatal
smoking. Newborns exposed in utero to component(s) of
tobacco smoke have increased cord blood concentra-
tions of the stress-hormones prolactin, growth hormone
w5x and cortisol w34x. Also, increased epinephrine and
norepinephrine concentrations have been measured in
the amniotic fluid of fetuses whose mothers smoked w10x.
Thus, the increased blood pressure found in neonates
and infants of smoking mothers w4x may have an endo-
crine origin, such as increased fetal concentrations of
cortisol and catecholamines. Alternatively, increased
blood pressure might be related to intrauterine growth
restriction (IUGR) irrespective of the endocrine distur-
bance.
The corpus luteum is the principal source of estrogens
during the first trimester, but subsequently estrogens are
primarily synthesized by the placenta w33x. Placental
estriol (E3) is first detectable in maternal serum at nine
weeks of gestation w33x, but because its concentrations
increase more than 500-fold during pregnancy, and the
exposure of the uterus and the fetus to the direct effect
of newly synthesized E3 is immense, this hormone is a
dominant estrogen in pregnancy w29, 33x. Fetal lutein-
izing hormone (LH) and follicle stimulating hormone (FSH)
are produced by the anterior pituitary of the fetus and the
patterns of fetal plasma concentration follow a parallel
course w20x; they increase up to mid-gestation and there-
after decline, possibly because the fetal hypothalamus
becomes progressively more sensitive to sex steroids
synthesized by the placenta. The human chorionic
gonadotropin (hCG) is secreted by the placental syncy-
tiocytotrophoblast into both fetal and maternal circulation
affecting the mother, placenta and fetus. Human placen-
tal lactogen (hPL) is also secreted by the syncytiocyto-
trophoblast primarily into the maternal circulation causing
increased transport of glucose, fatty acids and amino
acids to the fetus w14x.
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Figure 1 Schematic presentation of the process followed for
admission in the study of 100 neonates (50 male, 50 female)
born to mothers who smoked during pregnancy.
Although there are several reports indicating that the
concentrations of hCG w3, 9, 28, 31x, hPL w6, 23x and E3
w3, 23, 28x are significantly (hCG, hPL) or slightly (E3)
reduced in blood of pregnant women who smoke,
the concentrations in cord blood of newborns whose
mothers smoked during pregnancy remain largely
unknown.
The histologic and physiologic alterations that take
place at the interface between fetoplacental unit and
mother regulate the secretion of steroid hormones, pro-
duced by hormonal signals originating from the fetopla-
cental unit into the maternal and fetal compartment w24x.
Because of the endocrine compartmentalization of the
maternal and the fetal circulation, hormone measure-
ments in fetal blood are indicated to identify any distur-
bances in the endocrine equilibrium of fetuses whose
mothers smoked during pregnancy. The aims of this
study are to compare the concentrations of six hor-
mones, E3, b-hCG, hPL, FSH, LH and cortisol, in cord
blood of neonates born to smoking mothers with those
of non-smoking mothers, and test the correlations
between number of cigarettes smoked per day and hor-
mone concentrations as well as between hormone con-
centrations and anthropometric parameters in the
offspring of both smoking and non-smoking mothers,
and finally to assess any independent determinants of
cord blood hormones.
Methods
We studied 200 (100 male) newborns; 100 (50 male) were born
to mothers who smoked during pregnancy (study group) and
100 (50 male) to mothers who did not smoke (control group).
The study singleton neonates were successively enrolled pro-
vided that they were born at term, had clear amniotic fluid, an
Apgar score G7 at one and 5 min, had no evident congenital
anomalies and the parents agreed to participate. The control
neonates were obtained randomly, following the delivery of a
study neonate, provided that they fulfilled the entry criteria of
the study. Neonates were delivered at the University Hospital of
Patras from December 2006 to February 2008.
At the time of recruitment, mothers were subjected to an inter-
viewer-administered questionnaire indicating their smoking
status, and if they were smokers, the daily number of cigarettes
smoked. As ‘‘number of cigarettes per day’’ we recorded that
number of the third trimester. Subjects whose mothers discon-
tinued smoking during pregnancy or admitted the use of any
illicit substances were excluded from the study. Smokers were
those who smoked G1 cigarettes per day. The mothers of neo-
nates included in the study denied the use of alcohol during
pregnancy. Cases with complications during pregnancy or labor,
such as those who received steroids, had diabetes or preeclamp-
sia, were excluded from the study (Figure 1).
Neonates were appropriate for gestational age and were born
by normal vaginal delivery, without use of medications except
meperidine. Neonates delivered by cesarean section or epidural
anesthesia were excluded. Gestational age was determined
according to ultrasonographic criteria and the Ballard’s scoring
system.
Birth weight, length and head circumference were measured
in all newborns. Also, the placental weight of 165 newborns was
recorded. Mixed arteriovenous umbilical blood was collected
immediately after delivery, centrifuged and the serum was stored
at –708C. Assays were performed in duplicate, and the two
measurements were averaged for the analyses.
E3, hPL, b-hCG, FSH, and LH were assayed by using a stan-
dard radioimmunoassay (for E3 and b-hCG, Radim SpA, Roma,
Italy; for hPL, FSH and LH, BioSource Europe SA, Nivelles,
Belgium). Cortisol was determined by a fluoroimmunometric
assay (Dalfia, Wallac, Inc., Turku, Finland). The sensitivity of
the assays for E3, hPL, b-hCG, FSH, LH, and cortisol was 3.0
ng/mL, 0.25 mg/mL, 2.0 mIU/mL, 0.1 mIU/mL, 0.2 mIU/mL,
and 0.5 mg/dL, respectively.
The study was approved by the Ethics and Deontology
Committee of the University Hospital of Patras. Cord blood
was obtained with informed consent of the parents.
Data are expressed as mean"SD or median with range for
parametric and non-parametric continuous variables, respec-
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Table 2 E3, b-hCG, LH, FSH, hPL and cortisol in cord blood of 100 offspring of non-smoking and 100 offspring of smoking mothers.
Hormone Median (range) P-value
NSM SM
E3 (ng/mL) 212.0 (36.8–365.0) 163.0 (30.7–365.0) 0.008
hPL (mg/mL) 2.00 (0.20–7.88)a 1.39 (0.28–7.88)b 0.004
b-hCG (mIU/mL) 57.5 (12.2–256.5) 45.4 (11.0–115.9) 0.037
FSH (mIU/mL) 0.10 (0.10–3.4)c 0.10 (0.10–1.82)d 0.498
LH (mIU/mL) 0.20 (0.20–4.66)e 0.20 (0.20–2.26)f 0.236
Cortisol (mg/mL) 14.3 (1.3–76.3) 25.1 (1.0–129.4) 0.004
NSMsnon-smoking mother; SMssmoking mother.
The hormone concentration was below the sensitivity limit in: a26 cases, b28 cases, c70 cases, d73 cases, e57 cases, f61 cases.
Table 1 Maternal and neonatal characteristics of 100 cases of
mothers who smoked and 100 cases of mothers who did not
smoke during pregnancy.
Parameter SM NSM P-value
Maternal
Age (years)* 28.7"5.6 28.9"5.4 0.214
Parity 1 (n) 42 47 0.477
Parity 2 (n) 31 36 0.464
Parity G3 (n) 27 17 0.088
No. cigarettes/day** 5 (1–70) – –
Neonatal
Weight (g)* 3095"333 3209"297 0.012
Length (cm)* 49.8"1.9 50.4"1.7 0.024
Head circumference (cm)* 34.0"1.1 34.1"1.0 0.292
Placental weight (g)* 564"94 605"92 0.005
*Normally distributed.
**Not normally distributed.
tively. Hormone values below the sensitivity limit were given zero
value and included in the analyses. Student’s t-test and the
Mann-Whitney U-test were applied to compare parametric and
non-parametric continuous data, respectively. Distributionswere
evaluated by histograms and the Kolmogorov-Smirnov test. The
Spearman rank correlation was used to study the relationship
between cord blood hormone concentrations and birth weight,
length, head circumference, placental weight and number of
cigarettes smoked per day. The relative importance of maternal
smoking status or number of cigarettes smoked per day during
pregnancy and neonatal gender in predicting cord blood
hormone concentrations was calculated in multiple linear logistic
regression analyses. For this purpose each cord blood hormone
concentration was log transformed and entered as dependent
variable. As independent variables were entered the gender and
mothers’ smoking status expressed as yes/no (Model 1) or as
number of cigarettes smoked per day log transformed (Model
2). Variables were analyzed by using the Statistical Package for
Social Sciences (SPSS) 15 (SPSS, Inc., Chicago, IL, USA).
Results
The maternal age, parity and number of cigarettes
smoked per day, and the neonatal weight, length, head
circumference and placental weight are listed in Table 1.
Anthropometric data were normally distributed, whereas
the number of cigarettes smoked per day was not.
Of the six hormones studied, in three (E3, b-hCG, hPL)
the concentrations were significantly lower in the study
than in control neonates. Conversely, cortisol concentra-
tions were significantly greater in study neonates
(Table 2). Hormone concentrations were not normally
distributed.
There was no significant difference in the concentra-
tions of E3, hPL, b-hCG, FSH, and LH between male and
female neonates of either smoking or non-smoking
mothers. In the group of neonates whose mothers did
not smoke there was a trend of the female neonates to
have greater FSH and LH concentrations, but the differ-
ence was not significant (data not shown). However, the
cortisol concentrations were significantly greater in
female than in male offspring of the non-smoking
mothers (23.3 mg/mL and 11.8 mg/mL, respectively;
Ps0.025), but the difference did not reach significance
in neonates whose mothers smoked (30.0 mg/mL and
21.7 mg/mL, respectively; Ps0.331).
The simple linear regressions performed to determine
a correlation between number of cigarettes smoked per
day during pregnancy and birth weight, length, and pla-
cental weight showed a significant but poor negative
relationship (rs–0.188, Ps0.008; rs–0.156, Ps0.027;
rs–0.257, Ps0.01, respectively). Similarly, significant
but poor linear negative relationships were observed
between number of cigarettes smoked per day, and E3
(rs–0.163, Ps0.021), hPL (rs–0.191, Ps0.007), and
b-hCG (rs–0.143, Ps0.044) concentrations. Converse-
ly, the cortisol concentrations showed a significant but
poor positive correlation to the number of cigarettes
smoked per day (rs0.259, P-0.0001).
No significant correlation was found between cord
blood hormone concentrations on the one hand and
anthropometric measurements of the newborns or the
placental weight on the other in both study and control
neonates.
Multiple linear regression analyses of E3, hPL, b-hCG,
FSH, LH and cortisol concentrations were carried out to
assess the independent determinants of cord blood hor-
mone concentrations. Data were assessed for model fit
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Table 3 Multiple linear regression analyses with log E3, b-hCG, hPL, FSH, LH, and cortisol as dependent variables.*
Model/hormone Coefficients 95% CI P-value
Beta B Lower Upper
Model 1
E3 –0.191 –33.61 –57.97 –9.25 0.007
hPL –0.203 –0.61 –1.03 –0.19 0.004
b-hCG –0.212 –18.87 –31.10 –6.66 0.003
FSH –0.152 –0.18 –0.35 –0.02 0.031
LH –0.127 –0.21 –0.45 0.22 0.075
Cortisol 0.235 13.57 5.77 21.39 0.001
Model 2
E3 –0.126 –1.48 –3.12 –0.16 0.076
hPL –0.091 –0.02 –0.01 –0.05 0.197
b-hCG –0.154 –0.91 –7.72 –0.08 0.032
FSH –0.073 –0.01 –0.22 –0.06 0.343
LH –0.056 –0.01 –0.22 –0.09 0.432
Cortisol 0.320 1.23 0.70 1.71 -0.0001
*Only the results to the maternal smoking status as independent variable are listed.
Model 1: As independed variables are included gender and maternal smoking status as dummy variable (yes/no).
Model 2: As Model 1, except that number of cigarettes smoked/day is substituted for smoking status.
and there was no evidence of any departure from the
model assumptions. It was found that maternal smoking
during pregnancy was a determinant of cord blood E3,
hPL, b-hCG, FSH, and cortisol concentrations in Model
1 (smoking introduced as yes/no), whereas in Model 2
(smoking introduced as number of cigarettes) smoking
was a determinant of b-hCG and cortisol (Table 3). Both
smoking status and number of cigarettes per day signif-
icantly predicted the decrease and increase in cord blood
concentrations of b-hCG and cortisol, respectively. For
E3, hPL, and FSH only the smoking status significantly
predicted the lower hormone concentrations, whereas
the number of cigarettes just failed to reach the level of
significance for E3. The LH concentrations were not pre-
dicted by maternal smoking status or number of ciga-
rettes smoked per day. Gender was a significant
predictor only of higher cortisol concentration in female
(median 26.9, range 1.6–129.0 mg/mL) than in male
(median 14.6, range 1.0–129.0 mg/mL) neonates
(Ps0.029).
Discussion
As expected from earlier reports w17, 18x, the anthropo-
metric parameters studied were lower in neonates of
mothers who smoked during pregnancy as well as there
were poor but significant negative correlations between
number of cigarettes smoked per day and birth weight,
length and placental weight. The significantly reduced
concentrations of E3, hPL, and b-hCG in the offspring of
mothers who smoked may indicate that tobacco smok-
ing decreases the rate of biosynthesis of these hormones
or increases their catabolism by the fetoplacental unit.
There are reports showing that cigarette smoking has an
antiestrogenic effect w2x. The poor correlations observed
between number of cigarettes smoked per day and the
concentrations of E3, hPL, b-hCG, and cortisol do not
point to a possible association between the hormone
levels in fetuses of smoking women and tobacco smok-
ing. However, the presence of such an association is
supported by the results of the multiple linear regression
analyses which showed that maternal smoking was a
determinant of cord blood concentrations of E3, hPL, b-
hCG, FSH, and cortisol independently of gender. The
FSH and LH concentrations in cord blood of neonates
whose mothers smoked did not differ significantly from
those of neonates of non-smoking women, possibly
because in 72% and 59% of the cord blood samples,
respectively, the hormone concentrations were below the
sensitivity limit.
By comparing the results of this study to the effect of
smoking on E3 w3, 23, 28x, hPL w6, 23x, b-hCG w3, 9, 28,
31x, and cortisol w34x levels reported in blood of pregnant
women, it becomes evident that the effect of tobacco
smoking has a different outcome on blood hormone con-
centrations in the fetus than in the pregnant woman. This
indicates that the altered hormone concentrations in cord
blood of newborns whose mothers smoked did not result
from transfer via the placental barrier; they are rather the
consequence of a metabolic rate in the maternal com-
partment which is different from that in the fetoplacental
compartment, and the physiologic events that occur at
the boundary between mother and fetoplacental unit.
Cortisol concentrations in cord blood of neonates
whose mothers smoked followed the opposite course
from that observed in the other five hormones studied.
Cortisol is a major stress hormone and it appears that
fetal stress induced by tobacco smoking causes dose-
depended increased cortisol concentrations. Similarly,
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increased cord blood concentrations of growth hormone,
insuline-like growth factor-I and prolactin, hormones that
participate in the hormonal stress response as well, have
been found in offspring of women who smoked during
pregnancy w5x. In this study, mixed arteriovenous cord
blood was used because similar concentrations of the
hormones studied have been measured in arterial and
venous umbilical blood w12, 13, 16x.
As suggested by the absence of a significant correla-
tion between cord blood hormone concentrations and
birth size parameters, intrauterine growth was not affect-
ed by the hormone levels measured in cord serum in the
offspring of both smokers and non-smokers. However,
an adverse effect of the disturbed hormonal levels on
intrauterine growth cannot be excluded. This is because
the hormone concentrations were determined at term
and, therefore, it is uncertain whether or not there was
an association between fetal growth and any of the hor-
mone concentrations at earlier stages of intrauterine life.
It is reported that the production of FSH, LH and b-hCG
is variable during pregnancy w15, 20x, as well as that the
hormone concentrations are greatly increased with the
advance of pregnancy, such as it occurs with E3 w33x. A
positive association between maternal E3 concentrations
at the 27th gestational week and birth weight, birth length
and placental weight has been reported w25x. Thus, the
findings of this study are limited only to the fetal endo-
crine profile that exists at the end of pregnancy.
The brain is a target organ for hormonal actions. Spe-
cifically, estrogens are potent agents in reference to brain
development; they are important during brain develop-
ment, intervening in the neuronal maturation and the
differentiation of brain structures and functions w1, 19x.
Estrogens act via two different receptors located in cell
nuclei w27x. The brain-endocrine axis during development
is delicately balanced and can be disturbed in various
ways. Agents that affect normal hormone secretion can
influence brain development. Whether or not the
decreased cord blood E3 concentrations as well as the
altered concentrations of any of the other hormones
studied in the offspring of women who smoked during
pregnancy can upset normal brain development in the
fetus remains unknown at present. However, there are
reports indicating that prenatal smoking is associated
with psychological problems w7x and brain dysfunction,
such as a delay in intellectual development w26x, attention
deficit hyperactivity disorder w22, 32x, conduct disorder
w11, 21x, aggressive disorder w35x, and behavior problems
w8x.
In conclusion, maternal tobacco smoking during preg-
nancy affects the levels of several hormones in cord
blood of term fetuses. The concentrations of E3, hPL,
and b-hCG are significantly decreased, most probably
because of a reduced biosynthesis or, alternatively,
because of an increased rate of catabolism. Cortisol con-
centrations are increased possibly because, as a major
stress hormone, it participates in the hormonal stress
response induced to the fetus by tobacco smoking.
Whether these endocrine abnormalities might lead to any
adverse effects on the fetus or adult cannot be assessed
at the present.
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